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O r g a n i c  g r o u p i n g s  p l a y  a n  i m p o r t a n t  r o l e  f o r  t h e  p r g p a r a t i o n
o f  g l a s s ä s  b t  t h e  i o 1 - g e l  r o u t e .  T h e y  a r e  r e s p o n s i b l e  f o r
t h e  s o l u b i l i l y  o f  p r e c ü r s o r s ,  i n t e r a c t  d u r i n g  t h e  p o l y c o n -
d e n s a t i o n  p r o ä . t s ,  t h e  d r y i n g  a n d  a g e i n g  s t e p  a n d  d u r i n g
f i r i n g .  F o i  p r o c e s s i n g ,  i m p o r t a n t  p a r a m e t e r s  e . 9 1 .  h y d r o l y s i s
r a t e s  a n d  t h ä  S i O H  f o r m a t i o n  c a n  b e  c o n t r o l l e d  b y  p r o p e r
c h o i c e  o f  t h e  h y d r o l y s a b l e  g r o u p .  f f  o r g a n i c s  r e m a i n  i n  t h e
g l a s s  n e t w o r k ,  i e m a r k a b l e  c h a n g e s  o f  p r o p e r t i e s  ( d e n s i t y ,
h a r d n e s s ,  r e f r a c t i v e  i n d e x )  o c c u r
f  n t r o d u c  t i o n
T h e  s y n t h e s i s  o f  n o n - m e t a l l i c  i n o r g a n i c  m a t e r i a l s  h a s  b e c o m e
a  m a t t e r  o f  h i g h  i n t e r e s t  d u r i n g  t h e  r e c e n t  t h r e e  d e c a d e s .  N u m e r o u s
a u t h o r s  h a v e  p u b l i s h e d  r e s u l t s  o n  p r e p a r a t i o n  o f  g l a s s e s r  c o a t i r , 9 " ,
a n d  c e r a m i c  p o w d e r s .  A  s u r v e y  o v e r  t h e  s t a t e  o f  a r t  c a n  b e  o b t a i n e d
f r o m  t h e  p r o c e e d i n g s  o f  t h e  i m p o r t a n t  c o n g r e s s e s  r e l a t e d  t o  s o l - g e l
w o r k  / L - g / .  W h e r e a s  m o s t  p a p e r s  a r e  c o n c e r n e d  w i t h  f u n d a m e n t a l
g u e s t i o n s  a l d  l a b o r a t o r y  s c a l e  p r e p a r a t i o n s ,  o n l y  a  f e w  s o l - 9 e 1
a p p l i c a t i o n s  a r e  o n  t h e  m a r k e t ,  e . g .  c o a t i n g s  / L 0 - I 4 / .  O t h e r  i n -
d u s t r i a l  a p p l i c a t i o n s  c o n c e r n  c e r a m i c  p o w d e r s .  F u n d a m e n t a l s  a r e
m a i n l y  i n v e s t i g a t e d  i n  t h e  t e t r a e t h y l s i l i c a t e  s y s t e r n  ( h y d r o l y s i s
a n d  c o n d e n s a t i o n  a s  w e l l  a s  d r y i n g ,  a g e i n g ,  a n d  s i n t e r i n g )  i n  a l c o :
h o l i c  s o l u t i o n s ,  l e s s  w i t h  a g u e o u s  s y s t e m s .  M e c h a n i s m s  i n  o t h e r
s y s t e m s  a s  w e l l  a s  i n  m u l t i c o m p o n e n t  s y s t e m s  a r e  h a r d l y  k n o w n -  f n
a I I  t h e s e  r e a c t i o n s ,  o r g a n i c s  a r e  i n v o l v e d  i n  v a r i o u s  w a y s .  I f  t h e
g e I  d e r i v e d  m a t e r i a l s  a r e  h e a t e d ,  o r g a n i c s  a r e  v o I a t i I e ,  c a n  d e c o m -
p o s e  o r  a r e  o x i d i z e d  a n d  f a i r l y  o r g a n i c - f r e e  m a t e r i a l s  c a n  b e  o b -
t a i n e d .  R e s i d u a l  o r g a n i c s i n  g l a s s y  s t r u c t u r e s  c a n  l e a d  t o  a  r e m a r k -
a b l e  c h a n g e  o f  p r o p e r t i e s .  C o n s i d e r i n g t h e  d i f f e r e n t  s t e p s  o f  a
s o l - g e l  p r e p a r a t i o n ,  t h e  r o l e  o f  o r g a n i c s  b e g i n s  a t  a  v e r y  e a r l y
s t a g e  a n d  e n d s  w i t h  b a k i n g  o u t  d u r i n g  h e a t  t r e a t m e n t  o r  w i t h  t h e
i n c o r p o r a t i o n  i n t o  t h e  g l a s s  s t r u c t u r e .
P r e c u r s o r s ,  s o l v e n t s ,  p r o c e s s i n q
T h e  s o l - g e I  p r o c e s s  i n  g e n e r a l  b e g i n s ' i n  a  h o m o g e n e o u s  s o l u -
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t ion.  This  is  desi rable s ince i t  prov ides an a lmost  homogeneous
d is t r ibu t ion  o f  the  s ing le  componen ts ,  i nc lud ing  low concen t ra t ion
componen ts  l i ke  dopan ts .  i n  mos t  cases  so lub i l i t y  o f  i no rgan ic
o x i d e s  i s  v e r y  l i m i t e d ,  e . g .  S i O 2 ,  T i o 2 ,  Z r O r ,  a n d  o t h e r s .  O r g a n o -
meta l l ic  precursors l ike a lkox ides wi th a few except ions prov ide
exce l len t  so lub i l i t y  i n  a  va r ie ty  o f  o rgan ic  so lven ts  e .g .  a l co -
hols ,  ketones,  hydrocarbons.  The organic  aroupings Play an impor-
tant  ro le for  so lubi l i ty .  S ince homogenei ty  af fects  s t ructure and
proper t iös  o f  the  g lass ,  the  p roper  cho ice  o f  p recursor  and  so l -
vent  is  important .  The length of  the a lky l  groups in  a lkox ides
de te rmines  i t s  reac t i v i t y  w i th  respec t  to  hydro lys is .  F igu re  1
shows the  ra te  cons tan t  fo r  the  f i r s t  s tep  (egua t ion  1 )  as  a  func -
t i o n  o f  R .
( R o ) : s i ( o n )  +  H z o ( R O )  3 s i  ( o H )  +  H o R ( 1 )
T h e  a c i d  c a t a l y s e d  h y d r o l y s i s
s p e c t r o s c o p y  a s  a  f i r s t  o r d e r
I y  t h e  i n f l u e n c e  o f  t h e  c h a i n
appears  be tween l IeO and EtO as
w a s  d e t e r m i n e d  b y  F T f R  r e f l e c t i o n
r e a c t i o n .  T h e  d a t a  d e m o n s t r a t e  c l e a r -
l e n g t h .  T h e  g r e a t e s t  d i f f e r e n c e
l i g a n d s .
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F i g u r e  1 .  R e l a t i v e  r a t e  c o n -
s t a n t s  a s  a  f u n c t i o n  o f  t h e
o r g a n i c  c h a i n  l e n g t h  i n  t e t r a -
a l k y  l o r t h o s  i I  i c a t e  s
1  =  s i ( o c H r l n ;  2  =  S i ( o c 2 H S l n t
3  =  . . . .  
J
s o l v e n t : e t h a n o l ;  c a t a l y s t :
0 . 3  m m o l  H C I ;
H ^ O : S i l a n e :  4 : 1 .
z
T h e  h y d r o t y s i s  r a t e  d e t e r m i n e s  t h e  c o n c e n t r a t i o n  o f  c o n d . e n s a b l e
= S i o H  g r o u p s  a n d ,  t o g e t h e r  w i t h  o t h e r  p a r a m e t e r s  l i k e  c a t a l y s t ,
t h e  c o n d e n s a t i o n  r a t ' e  a n d  p a r t i c l e  g r o w t h  p r o c e s s .  C o n t r o l  o f  = S i O H
g r o u p s  i s  n e c e s s a r y ,  L f  c o c o n d e n s a t i o n  o f  e a s i l y  h y d r o l y s a b l e  a l -
k o x i d e s  i s  c a r r i e d  o u t .  f f  w a t e r  i s  a d d e d  t o  a  m i x t u r e  o f  S i ( O R ) a
a n d  T i  ( o R )  4 ,  T i o 2  p r e c i p i t a t e s .  r r ä h y d r o l y s a t i o n  o f  S i  ( o R )  4  t o
= S i O H  g r o u p i n g s  c o n t a i n i n g  p r e p o l y m e r s  a n d  f i  ( O R )  a  a d d i t i o n  l e a d s
t o  h o m o g e n e o u s  l i q u i d  s y s t e m s  / 1 5 /  w h i c h  r e m a i n  c l e a r  a f t e r  w a t e r
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deta i led  knowledge o f  l t s  ln f luence is  necessary  fo r  two or  more
c o m p o n e n t  s y n t h e s i s .
Figure 3 .  Hydro lys is  o f
R;  s i  (oc2Hs )  a_n
, I ,  I I . . . 3  n  =  I ;
R r  =  C H I  . . o  C Z H S  . . .
X ,  1 ,  2  . . . !  R r  =  C H 3 t
n  =  1 ,  2  o . .
s o l v e n t :  e t h a n o l ;  c a t a -
l y s t :  0 . 3  m r n o l e  H C l ;
H r O : s i l a n e  =  4 : 1
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C o m p l e x  l i g a n d s  l i k e  B - d i k e t o n e s  o r  o r g a n i c  a c i d s  l i k e  a c e -
t a t e s  c a n  s e v e r e l y  i n t e r a c t  w i t h  a l k o x i d e s  / 1 8 / .  T h e  e f f e c t  o n
t  !  -  - r r  - - ! ^ - t  h ^ -  - 1 . - - : - -
s o l - g e l  p r o c e s s i n g  i s  s c a r c e l y  i n v e s t i g a t e d .  F o r  a l u m i n a ,  z i r c o n i a
o r  t i t a n i a  c o n t a i n i n g  s y s t e r n s ,  d i f f e r e n t  m e c h a n i s m s  t a k e  p l a c e .
E . g .  a c e t y l a c e t o n a t e  i n  t h e  c a s e  o f  a l u m i n a  d e c r e a s e s  c o n d e n s a t i o n
r a t e  a n d  i n c r e a s e s  t h e  s o l u b i l i t y  o f  t h e  h y d r o l y s e d  s p e c i e s  / 1 6 / .
F o r  z i r c o n i a ,  a  d r a s t i c a l  s o l u b i l i t y  i n c r e a s e  c a n  b e  o b s e r v e d  / L 9 /
a n d  f o r  t i t a n i a ,  c o m p l e x e d  w i t h  a c e t a t d s ,  m o r e  I i n e a r  p o l y m e r s  a r e
o b t a i n e d  / 2 A / .  C o m p l e x a t i o n  c a n  b e  a n  i m p o r t a n t  m e a n  f o r  t a i l o r i n g
i n t e r m e d i a t e s  f o r  s o l - g e I  p r o c e s s i n g  e x p e c i a l l y  w i t h  r e s p e c t  t o
i m p r o v e  c o a t i n g s  / 2 I / .  A n  i m p o r t a n t  f i n d i n g  f o r  I a r g e  p i e c e  p r o -
c e s s i n g  w a s  t h e  o b s e r v a t i o n  t h a t  d e n s i f i c a t i o n  a n d  s h r i n k a g e  c a n
b e  c o n t r o l l e d  b y  a d d i t i o n  o f  o r g a n i c  m a t e r i a l s  l i k e  f o r m a r n i d e s  o r
g l y c o l s  / 2 2 / .
O r g a n i c s  i n c o r p o r a t e d  i n t o  g l a s s  s t r u c t u r e
I n  g e n e r a l ,  s o l - g e I  p r o c e s s i n g  r e g u i r e s  a  d e n s i f i c a t i o n  s t e p
a t  h i g h e r  t e m p e r a t u r e  ( c l o s e  t o  T g )  t o  o b t a i n  d e n i e  9 l a s s e s .  O r -
g a n i c  g r o u p i n g s  c a n  a c t  a s  n e t w o r k  m o d i f i e r ,  r e d u c i n g  n e t w o r k  c o n -
n e c t i v i t y  / 2 2 /  a n d  c a n  a f f e c t  a  d r a s t i c a l  c h a n g e  o f  p r o P e r t i e s
c o m p a r e d  t o  i n o r g a n i c  g l a s s e s .  f f  o r g a n i c . g r o u p i n g s  a r e  c r o s s -
I i n k e d ,  t h e y  c a n  a c t  a s  n e t w o r k  f o r m e r s .  A  s u r v e y  o v e r  p r e p a r a t i o n
t e c h n i q u e s  i s  g i v e n  i n  / 2 3 /  a n d  l i t e r a t u r e  c i t e d  t h e r e i n .  I n  t h e
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f o l l o w i n g  s o m e  s p e c i f i c  a s p e c t s  o f  m a t e r i a l  p r o p e r t i e s  d u e  t o  o r -
g a n i c  i n c o r p o r a t i o n  w i l l  b e  d i s c u s s e d -
T h e r e f o r e ,  d i f f e r e n t  c o m p o s i t i o n s  h a v e  b e e n  i n v e s t i g a t e d  ( I :
( c e H s ) ,  s i ( o 1  l z l  n - n  ( a ) ,  l 4 e o ,  ( b )  ;  M e  
=  S i ,  T i ;  r r  =  o c H 2 c H ( c H 2 ) 3 , .
s L o l / 2  ( a )  ;  ! ! e  ( r r r ,  r v )  o *  ( b )  ;  x  
:  
2 ,  3 / 2 ,  M e  =  A l ,  T i ,  z r l  '
F i r  s t  o f  a l l  i t  has  to  be  remarked,  tha t  o . t f  y  in  sys tems w i th  very
l o w  m o l a r  c o n t e n t s  o f  o r g a n i c s ,  p o r o u s  g e l s  c a n  b e  o b t a i n e d  / 2 2 / ,
e . g .  i n  f  f o r  n  =  l  a n d  a : b
d e t e r m i n e d .  T h i s  i s  d i f f e r e n t  f o r  C H 3  a s  l i g a n d s  w h e r e  h i g h  p o r o -
s i t i e s  c a n  b e  o b t a i n e d  / 2 3 / .  I n  t h e  s y s t e m  f f  n o  p o r o s i t y  w a s  o b -
s e r v e d  i n  t h e  i n v e s t i g a t e d  r a n g e  a : b
s i n c e  t h e  s y s t e m  I I  c o n t a i n s  o n l y  t h r e e d i m e n s i o n a l  c r o s s l i n k i n g
u n i t s .  S i n c e  t h e  O H  c o n t e n t  i s  l o w  / 2 4 - 2 5 /  t h e  i n o r g a n i c  n e t w o r k
i s  n e a r l y  f i x e d .  T a k i n g  i n t o  a c c o u n t  t h a t  d e s p i t e  h i g h  c o n c e n t r a -
t i o n  o f  i n o r g a n i c  u n i t s  ( e . 9 .  Z r o ,  =  4 0  m o l t ,  t a b l e  I ,  a  t h e o r e -
t i c a l  d e n s i t y  o f  p  =  2 . 5 5  ( i n c r e m e n t s :  b a d d e l e y i t :  6 . 0 ;  s i l i c a :
2 . 2 i  P E O :  1 . 2  g / c m 3 )  s h o u l d  b e  e x p e c t e d ,  w h e r e a s  o n l y  1 . 6 3  h a s
b e e n  m e a s u r e d .  I t  i s  s u r p r i s i n g  t h a t  a l m o s t  n o  i n f l u e n c e  o n  t D  a n d
o n l y  a  l o w  i n f l u e n c e  o n  p  c a n  b e  d e t e c t e d .  A n  e x p l a n a t i o n  c a n  b e
g i v e n  b y  t h e  d r a s t i c  i n f l u e n c e  o f  t h e  o r g a n i c  A r o u p i n g  c r e a t i n g  a
h i g h  f r e e  v o l u m e  c o m p a r e d  t o  t h e  o r g a n i c - f r e e  i n o r g a n i c  c o m p o u n d .
W h e r e a s  i n  t h e  s y s t e m s  I  a n d  I I  g l a s s  t e m p e r a t u r e s  h a v e  b e e n  f o u n d
b e t w e e n  r o o m  t e m p e r a t u r e  a n d  s e v e r a l  h u n d r e d  d e g r e e s  / 2 2 / ,  i n  t y p e
I I I  s y s t e m s ,  w h e r e  t h e  e p o x y - S i  g r o u p i n g  i s  s u b s t i t u t e d  b y  t h e
m e t h a c r o y l - S i  / 2 6 /  a n d  p o l y m e r i z e d ,  n o  T g  c a n  b e  d e t e c t e d  u P  t o
t h e  d e c o m p o s i t i o n  t e m p e r a t u r e  o f  t h e  o r g a n i c s  ( c o m p o s i t i o n  t a b l e
2 1 .  T h i s  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  t h e  f r e e  r o t a t i o n  o f  t h e  t y P e
T a b l e  1 D e n s i t i e s  a n d  r e f r a c t i v e  i n d i c e s  o f  s o m e  o r g a n i c a l l y
mod i f ied  ceramics  (ORl ' lOCERs)  .
m o l a r  r a t i o dens i t y  l g /c , r r z l nD
E p o x y - S  i / T i o 2
E p o x y - S  i /  Z r O ,
E p o x y - S  i  / A I 2 0 3
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8 0 / 2 0
6 0 / 4 0
9 0 / r a
8 0 / 2 0
6 0 /  4 0
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
3 4
3 7
4 5
3 3
4 0
6 3
3 4
3 4
3 4
r l s r z
1 . 5 0 8
1 . 4  9 8
42
T a b l e  Z .  i o r p o r i t i o n  o f  m e t h a c r o y l  c o n t a i n i n g  O R M O C E R S '
ORI"IOCER sYstem composi t ion
molar  rat io
Ilt
M
M
!1
Me A l
P h  A I
T
A 1
4 5  3 0  2 5
4 5  3 0  2 5
7 5  2 5
7 s  2 5
M  =  Y - m e t h a c r y l o x y p r o p y l t r i m e t h o x y s i l a n e
M e  =  m e t h y l t r i m e t h o x Y s i l a n e
P h  =  p h e n y l t r i e t h o x y s i l a n e
T  =  t e t r a e t h o x y s i l a n e
I I I  m a t e r i a l s  i s  s t r o n g l y  h i n d e r e d  b y  a d d i t i o n a l  p o l y m e r i z a t i o n
s u g g e s t i n g  a  s t r u c t u r e  b e t w e e n  i n o r g a n i c  a n d  o r g a n i c  a l a s s e s '  
T h e
f r e e  r o t a t i o n  o f  n o n - c r o s s l i n k e d  o r g a n i c  g r o u P i n g s  h a s  b e e n  r e c e n t -
1 y  o b s e r v e d  b y  n e u t r o n  s c a t t e r i n g  t e c h n i q u e s  o n  c o n d e n s e d  
a m i n o s i -
l a n e  s y s t e m s  / 2 7  /  .
l l e c h a n i c a l  P r o p e r t i e s  p r o p e r t i e s  o f  t h e s e  h y b r i d  
g l a s s e s
o f t e n  a r e  r e l a t e d  t o  i n o r g a n i c  g l a s s e s '  T h e y  a r e  b r i t t l e  
a n d '  c o m -
p a r e d  t o  o r g a n i c  p o l y m e r s ,  v e r l '  a b r a s i v e  r e s i s t a n t  1 2 8 /  '  D u e  t o
t h e  f r e e  v o l u m e  c a u s i n g  a n  o p e n  s t r u c t u r e ,  g a s  p e r m e a t i o n  i s  
h i g h
.  
( f o r  H 2 o  r a n g i n g  b e t w e e n  t w o  a ; r d  0 . 3  g / m ' d  a t  1 0  p m  t h i c k n e s s )  '
T h e  l o w  v a l u e s  (  c  o n e  t e n t h  o f  h i g h l y  w a t e r  i m p e r m e a b l e  p l a s t i c s )
c a n  b e  o b t a i n e d  b y  h y d r o p h o b i z i n g  f h "  i n o r g a n i c  n e t w o r k  a s  d e s c r i b -
e d  i n .  / 2 9 / .  d t r u c t u r a l  i n v e s t i g a t i o n s  b y  T E M / E D A X  d o  n o t  s h o w  
a n y
i n h o m o g e n e i t i e s  o n  t y P e  I I I  c o m P o s i t i o n s  w h e r e a s  i n  t y p e  I  s u b -
m i c r o n  s t r u c t u r e  ( F i g u r e  4 t  c o u l d  b e  d e t e c t e d  b u t  n o t  q u a n t i f i e d '
F i g u r e  4 .  T E M  m i c r o g r a P h
o f  a  m o d i f i e d  t Y P e  I  g e l
( 1 0  N a r O / 2 0  A 1 ? O ? /
7  o  ( ce  f i s )  2s io )  
-
t-{ 50 nm
4)
f n  t h i s  c a s e ,  P r o b a b l Y  d u e
g r o u p i n g s  ( h Y d r o P h o b i c  C O H S
g r o u p i n g s )  P h a s e  s e P a r a t i o n
C o n c l u s i o n
T h e  r o l e  o f  o r g a n i c s  d u r i n g  s o l - g e l  p r o c e s s i n g  i s  a  v e r y
impor tan t  one,  as  a  few examples  have shown.  Due to  the  concen-
t r a t i o n  o n t o  t h e  p r o p e r t i e s  o f  t h e  f i n a l  p r o d u c t ,  o n l y  a  f e w  d a t a
e x i s t  o n  t h i s  m a t t e r  a n d  t h e  l a r g e  p o t e n t i a l  h a s  t o  b e  e x p l o i t e d .
O r g a n i c  g r o u p i n g s  r e m a i n i n g  i n  t h e  f i n a l  p r o d u c t  c h a n g e  i t s  P r o -
p e r t i e s  d r a s t i c a l l y .  T h e s e  n e w  m a t e r i a l s  ( O R l ' l O C E R s )  e x h i b i t  a  w i d e
v a r i e t y  o f  p r o p e r t i e s  a n d  i n t e r e s t i n g  s t r u c t u r a l  a s p e c t s
A c k n o w l e d ä e m e n t s
T h e  a u t h o r s  w i t h . t o  t h a n k  D r .  H a a s  a n d  M r .  R u d o l p h  f o r  t h e i r
h e l p f u l  d i s c u s s i o n s  a n d  e x p e r i m e n t a l  w o r k ,  a n d  t h e  B u n d e s m i n i s t e r
f ü r  F o r s c h u n g  u n d  T e c h n o l o g i e  a n d  t h e  B a y e r i s c h e  S t a a t s m i n i s t e r
f ü r  W i r t s c h a f t  u n d  V e r k e h r  f o r  t h e i r  f i n a n c i a l  s u p p o r t .
R e f e r e n c e s
1 .  G o t t a r d i ,  V . ,  e d .  / /  J .  N o n - C r y s t .  S o l i d s .  1 9 8 2 .  V o I .  4 8 .
A m s t e r d a m ,  N o r t h - H o l l a n d  P h y s i c s  P u b l i s h e r s
2 .  S c h o | z e ,  H . ,  e d .  / /  J .  N o n - C r y s t .  S o l i d s .  1 9 8 4 .  V o I .  6 3 .
A m s t e r d a m ,  N o r t h - H o l l a n d  P h y s i c s  P u b l i s h e r s .
3 .  Z a r z y c k i ,  2 . ,  € d .  / /  J .  N o n - C r y s t .  S o l i d s .  1 9 8 6 .  V o I .  8 2 .
A r n s t ä r d a m ,  N o r t h - H o l l a n d  P h y s i c s  P u b l i s h e r s .
4 .  S a k k a ,  S . ,  e d .  / /  J .  N o n - C r y s t .  S o l i d s .  1 9 8 8 .  V o I .  1 0 0 .
A m s t e r d a m ,  N o r t h  H o l l a n d  P h y s i c s  P u b l i s h e r s .
5 .  H e n c h  ,  H .  L . ,  U t r i c h ,  D .  R . ,  e d s .  /  /  P r o c e e d i n g s  o f  t h e  f n t e r -
n a t i o n a l  C o n g r e s s  o n  S c i e n c e  o f  C e r a m i c  C h e m i c a l  P r o c e s s i n g .
1 9 8 6 .  N e w  Y o r k ,  J o h n  W i l e Y  &  S o n s .
6 .  l " l a c k e n z i e ,  J .  D . ,  U l r i c h ,  D .  R . ,  e d s .  / /  P r o c e e d i t g "  o f  t h e
I n t e r n a t i o n a l  C o n g r e s s  o n  U l t r a s t r u c t u r e  P r o c e s s i n g  o f  C e r a -
m i c s ,  G l a s s e s  a n d  C o m p o s i t e s .  F e b r u a r y  1 9 8 7 r -  S a n  D i e g o / f l o r i -
d a ,  U S A  ( i n  p r i n t ) .
7 .  B r i n k e r  ,  C .  ] . ,  C l d r k ,  D .  8 . ,  U l r i c h ,  D .  R .  r  e d s .  /  /  M a t .
R e s .  S o c .  S y m p .  P r o c .  1 9 8 4 .  V o l .  3 2 .  N e w  Y o r k ,  l l a t e r i a l s
R e s e a r c h  S o c i e t y .  ;
8 .  B r i n k e r ,  C .  J . ,  C l a r k ,  D .  8 . ,  U l r i c h ,  D .  R . ,  e d s .  / l  M a t '
R e s .  S o c .  S y m P .  P r o c .  1 9 8 6 .  V o l .  7 3  .  N e w  Y o r k ,  l ' l a t e r i a l s
R e s e a r c h  S o c i e t y .
9 .  P r o c e e d i n g s  o f  t f , e  I n t e r n a t i o n a l  C o n g r e s s  B e t t e r  C e r a m i c s '
T h r o u g h  C Ä e m i s t , r y  I . I I .  A p r i t  1 9 8 8 ,  R e n o / N e v a d a ,  U S A  ( i n
p r , i n t )  .
1 0 .  b f s l i c h ,  H .  /  /  G l a s s :  S c i e n c e  a n d  T e c h n o l o g y .  V o l .  2 .  P r o . c e s s -
i n g  r .  1 9 8 4 .  N e w  Y o r k ,  A c a d e m i C  P r e s s .  P .  2 5 1  2 8 3 .
I 1 .  D i s l i c h ,  H .  / /  p r o c e " ä i n g "  o f  t h e  E u r o p e a n  M e e t i n g  I n o r g a n i i
C o a t i n g s  o n  G l a s s .  1 9 8 8 .  L  r A g u i l a ,  U n i v e r s i t y .  P .  1 1 3  
' -  1 2 9  '
t o  t h e  d i f f e r e n t  a f f i n i t i e s  o f  t h e
versus  hydroph i l i c  =S iOH and =AIOH
i s  l i k e l y  o n  a  s u b m i c r o n  s c a l e .
44
! 2 .  H e n c h ,  L .  L . ,  O r c e l ,  G .  / /  P r o c e e d i n g s  o f  t h e  I n t e r n a t i o n a l
Congress  on  U l t ras t ruc tu re  Process ing  o f  
.Ceramics ,  G lasses
and  Compos i tes .  February  1987 ,  San  D iego /F lo r ida ,  USA ( in
pr in t )
13 . ötrtu ,  H . /  /  Proceedings of the First International 
'sympos 
iurn
on  New Glass .  1988 .  Tokyo ,  Assoc ia t ion  o f  New G lass  Indu-
s t r i e s .  P .  2 7  3 4 .
1 4 .  K l e i n ,  L .  C .  / /  S o l - g e l  t e c h n o l o g y  f o r  t h i n  f i l n s ,  f i b e r s ,
p re fo rms ,  e lec t ron ics ,  and  spec ia l i t y  shapes .  New Jers€Y,
N o y e s  P u b l i c a t i o n s .  1 9 8 8 .
1 5 .  Y o l d a s ,  B .  E .  / /  J .  l t a t e r .  S c i .  L 9 7 7 .  V o l .  L 2 .  P .  1 2 0 3
. 1 2 0 8 .
' 1 6  
.  S c h m i t l t ,  H .  ,  N a 8 ,  R .  ,  S p o r n  ,  D . ,  R a y ,  S .  /  /  M a t e r i a l s  S c i e n c e
F o r u m .  1 9 8 8 .  V o l .  3 4  3 6 ,  P a r t  2 .  S y d n e y ,  T r a n s  T e c h  P u b l i -
c a t i o n s  L t d .  P .  8 3 3  8 3 9 .
L 7 .  S c h m i d t ,  H . ,  S c h o l z e ,  H . ,  K a i s e r ,  A -  |  /  J .
1 9 8 4 .  V o l .  6 3 .  P .  I  -  1 1 .
1 8 .  B r a d l e y ,  D .  C . ,  l l e h r o t r a ,  R .  C -  t  G a u r ,  D .
k o x i d e s .  N e w  Y o r k ,  A c a ä e m i c  P r e s s .  1 9 7 8 .
1 9 .  R i n n  ,  G . ,  S c h m i d , t ,  H .  /  /  P r o c e e d i n g s  o f  t h e  F i r s t  I n t e r n a -
t i o n a l  C o n f e r e n c e  o n  C e r a m i c  P o w d e r  P r o c e s s i n g  S c i e n c e .
N o v e m b e r  1 9 8 7 ,  O r l a n d o  l P L o r i d a ,  U S A .  A d v a n c e s  i n  C e r a m i c s
( i n  p r i n t )  .
2 0 .  L a C o u r s e ,  W .  C . ,  K i m ,  S .  /  /  S c i e n c e  o f  c e r a m i c  c h e m i s t r y
p r o c e s s i n g .  1 9 8 6 .  N e w  Y o r k ,  J o h n  W i l e y  &  S o n s .  P .  3 0 4  3 1 0 .
2 I  .  S c h m i d t ,  I l . ,  R i n n ,  G . ,  N a B ,  R . ,  S p o r n ,  D .  / /  P r o c e e d i n g s
o f  t h e  i n t e r n a t i o n a l  C o n g r e s s  B e t t e r  C e r a m i c s  T h r o u g h  C h e m i -
s t r y  I I I .  A p r i l  1 9 8 8 ,  R e n o / N e v a d a ,  u s A  ( i n  p r i n t ) .
2 2 . . S c h ä l 2 e ,  H . ;  S t r e h l o w ,  P .  / /  W i s s .  Z t s c h r .  F r i e d r i c h - S c h i I -
l e r - U n i v .  J e n a ,  N ä t u r w i s s .  R .  1 9 8 7 .  V o I .  3 6 .  P .  7 5 3  7 6 2 .
2 3 .  S c h m i d t ,  H .  / /  A C S  S y m p o s i u m  S e r i e s .  1 9 8 8 .  V o l . 3 6 0 .  P -
3 3 3  3 4 4 .
2 4 .  P h i l i p p ,  G .  S c h m i d t ,  H .  / /  J .  N o n - C r y s t .  S o 1 i d s .  1 9 8 6 .  V o l .
8 2 .  P .  3 1  3 6 .
2 5  .  S c h m i d t ,  H .  ,  S e i f e r l i r g ,
1 9 8 6 .  V o l .  7 3 .  P .  7 3 9
2 6 .  P h i l i p p ,  G . ,  S c h m i d t ,  H .
V o l .  6 3 .  P .  2 8 3  2 9 2 .
2 7 .  C h a r b o u i l l o t ,  y .  /  /  p h . D .  t h e s i s ,  L ' f n s t i t u t  N a t i o n a l  P o l y -
t e c h n i g u e  d e  G r e n o b l e ,  J u l Y  1 9 8 4 .
2 8 .  S c h m i d t ,  H . ,  S e i f e r l i n g ,  8 . ,  P h i f  i p p ,  G . ,  D e i c h m a n n ,  K .  /  /
p r o c e e d i n g s - o f  t h e  I n t ä r n a t i o n a l  C o n f e r e n c e  o n  U l t r a s t r u i t u r e
p r o c e s s i n i  o f  C e r a r n i c s ,  G l a s s e s  a n d  C o m p o s i t e s .  F e b r u a r y  1 9 8 7 ,
S a n  D i e g o / F l o r i d a '  U s A  ( i n  p r i n t ) .
2 9 .  H u t t e r ,  F . ,  H a a s ,  K .  H . ,  S c h m i d t ,  H .  / /  P r o c e e d i n g s  o f  t h e
S e c o n d  I n t e r n a t i o n a l  l " l e e t i n g  o n  C h e m i c a l  S e n s o r s .  1 9 8 6  .
B o r d e a u x ,  C . R . T . M .  P .  4 4 3  4 4 6 .
N o n - C r y s t .  S o l i d s .
P .  / /  M e t a l  a l -
B  .  /  /  M a t .  R e s .  S o c .  S y m p .  P r o c  .
7 s 0 .
/  /  J .  N o n . - C r y s t .  S o l i d s  1 9 8 4 .
X V I IVT RIUATTOAI, L C OIVGR T SS
OAI GLA,SS Lil{IIVGRAD ]989
PROCEEDITVGS
I/olun'te 2a
Properties of Slass.
AIew methods of slass
formation.
kchnical .te,ssions
Edited by 0.VMozurin
@
L  E  N  I N G R A D
INAUKA
LEN INGRAD BRANCH
r9B9
PROCE,EDINGS
Glasses for Optoelectronics
Giancarlo C. Righini
Chair /Ediwr
24-27 Apr i l  1989
Paris, France
F,CO2
The Congrus of
EPS-European Physical Society
Europrica-The European Federation for Applied Oprics
SPIE-The International Sociery for Optical Engineering
Co o p n arin g O r ganiTar foru
ANRT-Associarion Narionale de la Recherche Technique
Associa: ione Elettrotecnica ed Elertronica Ital iana
CNES-Centre Narional d'Erudes Spariales
ICG-Inrernational Commission on Glass
GIFO-Groupement Indusrriel Frangais pour I 'Oprique
GNEQP-National Croup on Quanrum Electronics and Plasma Physics
Off ice of Solar Hear Technologies, U.S. Departmenr of Energy-
SEE-Soci6t6 Frangaise des Elecrr iciens, des Electroniciens
et des Radioelöctr iciens
SPSE-The Sociery for Imaging Science and Technology
Publishedbt
SPIE-The International Sociery for Optical Engineering
P.O. Box 1O, Bell ingham, Washington 9BZZ7-OO1O USA
Telephone206/676-3290 (Pacific Time) . Telex 46-7053
Volurne LLZS
SPIE (The Society ofPhoto-Optical lnstrumentation Engineers) is a nonprofir society dedicated to advancing engineering
and scientific applications of optical, electro-optical, and optoelectronic instrumentation, systems, and technology.
The  pape rs  appea r i ng  i n  t h i s  book  compr i se  t he  p roceed ings  o f  t he  mee t i ng  men t i oned  on
the  cove r  and  t i t l e  page .They , re f l ec t  t he  au iho rs ' op in i ons  and  a re  pub l i shed  as  p resen ted
and  w i t hou t  chan?e ,  i n  t he  i n te res t s  o f  t i r . e l y  d i ssem ina t i on .  The i r  i nc l us ion  i n  t h i s
pub l i ca t i on  does  no t  necessa r i l y  cons t i t u te  endo rsemen t  by  t he  ed i t o r s  o r  by  SP IE .
P lease  use  t he  f o l i ow ing  f o rma t  t o  c i t e  mare r i a l  f r om th i s  book :
Author(s) .  "T i t ie  o f  Paper , "  G/asses for  Aptoe lect ron ics .  Giancar lo  C.  Righ in i ,  Ed i tor ,
P r o c .  S P I E  1 1 2 8 ,  p a g e  n u m b e r s  ( 1 9 8 9 ) .
L i b r a r y  o f  C o n g r e s s  C a t a l o g  C a r d  N o . 8 9 - 6 2 6 1 0
r s B N  0 - 8 1 9 4 - 0 1 6 4 - 1
Copy r i gh t  € '  198 ' y .  The  Soc re t y  o f  Pho to -Op : i ca l  I ns t rumen ta t i on  Eng inee rs .
Copy ing  o f  ma te r ;a l  i n  t h i s  book  f o r  sa le  o r  f o : '  i n t e rna lo r  pe rsona l  use  beyond  the  f a i r  use  p rov i s i ons  g ran ted  by
the  U .S .  Copy r i gh :  Law  i s  sub jec t  t o  paymen l  o f  copy ing  f ees .  The  T ransac t i ona l  Repo r t i ng  Se rv i ce  base  f ee  f o r
t h i s  vo lume  i s  S2  03  pe r  a r r i c l e  and  shou ld  b :  pa id  d i r ec t l y  t o  Copy r i gh t  C lea rance  Cen te r ,  27  Cong ress  S t ree t ,
Sa lem,  MA 01  9 -1 )  Fo r  t hose  o rgan i za r i ons  t ha l  have  been  g ran ted  a  pho tocopy  l i cense  by  CCC,  a  sepa ra te
sys tem o f  paymer :  has  been  a r ranged .  Tne  f ee  code  fo r  use rs  o f  t he  T ransac t i ona l  Repo r t i ng  Se rv i ce  i s
o -81  94 -O ' t  64 -1  i  29  /  52  00 .
l nd i v i dua l  r eade rs  o f  t h i s  book  and  nonp ro f  i t  l i b ra r i es  ac t i ng  f o r  t hem a re  pe rm i t t ed  t o  make  fa i r  use  o f  t he
ma te r i a l  i n  i t ,  suc ; - ,  as  t o  copy  an  a r t i c l e  f o r  t each ing  o r  r esea rch ,  w i t hou t  paymen t  o f  a  f ee .  Repub l i ca t i on  o r
sys tema t i c  o r  mu i : r p te  rep roduc t i on  o f  any  mare r i a l i n  t h i s  book  ( i nc l ud ing  abs t rac t s )  i s  p roh ib i t ed  excep t  w i t h
the  pe rm iss ion  o i  SP IE  and  one  o f  t he  au tho : ' s .
Permiss ion is  granted to  quote excerpts  f rom ar t ic les  in  th is  book in  o ther  sc ient i f ic  or  technica l  works wi th
acknowledgrn"nt  o f  the source.  inc luä ing the author 's  name,  the t i t le  o f  the book,  SPIE vo lume number ,  page
number(s) ,  and year .  Reproduct ion o f  f igures and tab les is  l ikewise permi t ted in  o ther  ar t ic les  and books
prov ided that  the same acknowledgment t f  the source is  pr in ted wi th  them,  permiss ion of  one of  the or ig ina l
au tho rs  i s  ob ta ined ,  and  no t i f i ca t i on  i s  g i ven  t o  SP IE .
ln  the case of  autnors  who are employees of  rhe Uni ted States government ,  i ts  cont ractors  or  grantees,  SPIE
recogn i zes  t he  r i gh t  o f  t he  Un i t ed  S ta tes  gove rnmen t  t o  re ta i n  a  nonexc lus i ve ,  r oya l t y - f  r ee  l i cense  t o  use  t he
author 's  copyr igh ied ar t ic le  for  Uni ted States government  purposes '
Add ress  i nqu i r i es  and  no t i ces  t o  D i rec to r  o f  Pub l i ca t i ons ,  SP IE ,  P 'o '  Box  1o .  Be l l i ngham.  WA 98227 -0010
USA.
